); we did not see this activation physiological data, the monkey premotor cortex confor the grasping robot contrasted with the static robot tains "mirror" neurons that discharge both when the (Table 1) . The results for the human condition signify monkey performs specific manual grasping actions that when an individual observes an action made by and when it observes another individual performing another individual, a specific sector of the premotor the same or similar actions [4][5][6][7]. However, when a cortex is activated. This would confirm that the premotor human model uses tools to perform grasping actions, cortex is the neural substrate for a matching mechanism the mirror neurons are not activated [4-6]. A similar mapping the observed action on the observer's motor "mirror" system has been described in humans [8-15], representation. The lack of premotor activation for the but whether or not it is also tuned specifically to biorobot condition signifies that observation of an action logical actions has never been tested. Here we show performed by a nonbiological effector does not activate that when subjects observed manual grasping actions the mechanisms for mapping the observed action onto performed by a human model a significant neural rethe observer's motor representation. These results were sponse was elicited in the left premotor cortex. This further corroborated by the significant interaction beactivation was not evident for the observation of tween the type of model (human, robot) and the type grasping actions performed by a robot model comof observation (moving, static). The difference between manded by an experimenter. This result indicates for observing grasping and static conditions was greater the first time that in humans the mirror system is biofor the human than for the robot model. The regional logically tuned. This system appears to be the neural cerebral blood flow (rCBF) response of the left premotor substrate for biological preference during action cortex showed a significant activation when subjects coding.
robotic arm is consistent with the behavioral responses of both human adults and children when presented with grasping actions performed by mechanical devices. They code and/or attend to grasping actions performed in humans, as in monkeys, the "mirror" property of the premotor cortex appears to be biologically tuned. In this by another person but not necessarily to those performed by a mechanical device [1-3]. For example, inrespect we provide the first evidence that the human premotor cortex can discriminate between observations fants react differently to a claw representation of a human hand than to a human hand itself [1], and they of hand grasping actions performed by a biological and a nonbiological model. are more likely to reproduce movements performed by a human model than by a mechanical device attempting, A natural question is why this biological tuning has developed and persists in the human brain. One possibut failing, to pull apart a dumbbell [2, 18]. Whereas our primary interest was in activity in the bility is that it reflects a "cortical matching," i.e., a match between an observed action and the internal motor comleft premotor cortex, we also conducted a secondary analysis of activation (corrected for comparisons) with mands one might use to make the action. The lack of activation in the monkey's mirror system in response to the entire brain. This secondary analysis revealed significant activation in bilateral visual association areas when grasping actions performed with tools has been interpreted as suggesting that those actions are not part of grasping versus static conditions were contrasted in both human and robot models ( Figure 2 and Table 2 ). the behavioral repertoire of the animal [4] [5] [6] [7] . That is, observation of the action of a tool grasping an object These areas are known to be activated during motion tracking and correspond to the putative motion area cannot be interpreted by the premotor cortex because of the lack of cortical matching between the observed V5 identified in the human brain [19] . The interaction between type of model and type of observation was not actions and internal motor commands.
But can we use the same argument to account for significant (Table 2 ). This suggests that these activations were solely concerned with motion and were indepenthe absence of premotor cortex activity in the human subjects in the present study after they observed a robot dent of whether the subjects observed "human" or "robotic" motion. performing grasping actions? If we espouse this hypothesis, we would assume that interpreting robotic move-A final issue with our results relates to the lack of differential activity in areas concerned with biological ments is not part of the human behavioral repertoire and thus that cortical matching cannot occur. Just as motion. Oram and Perrett [20] showed that neurons buried within the superior temporal sulcus (STS) respond for monkeys, the association between the nonbiological agent performing the action and the object of the action to walking motion. In conclusion, our findings provide the first evidence of the neural substrate in humans distinguishing between human (biological) and robot (nonbiological) actions. This suggests that the mirror system performs a sophisticated analysis based on an evolutionary preference for biological actions. Although first observed in monkeys, it appears that this biologically tuned mirror system persists to this day, despite the acquisition by humans of knowledge and understanding of actions performed with artificial tools. conditions. This was done to maintain constant experimental conditions apart from the type of model performing the grasping action. The to-be-grasped object was present in all conditions. Throughout the experimental sessions, the experimenter checked that the subless of whether the motion was presented with real imjects looked at the model.
Experimental Procedures

Subjects and Task
ages or point-light displays. However, these neurons
There were four different conditions: human-action (HA), humandid not respond to various types of random dot motion.
static (HS), robot-action (RA), and robot-static (RS). Each condition
In line with these results, we did not observe differential was observed three times (total of 12 scans per subject), and the activation in the STS areas according to whether the conditions were presented in random order.
motion was human or robotic. As with both the images
Models
The robot model was custom-designed and built by in-house techni- Table 2 
